Materials and methods

Design of automatic ginseng sorting machine
illustrates the operation of the automatic ginseng sorting machine. Among its components are an inlet conveyor belt as shown in Fig. 1a and a secondary classification conveyor belt as shown in Fig. 1b . The weight of the incoming ginseng is first estimated by a camera (Fig. 1(1) ). Next, images of the ginseng are captured from four different directions via a 4-way camera, as shown in Fig. 1(2) . Here, the 4-way camera module is a mechanism for determining whether three-dimensional image analysis is possible and will be used in future studies. The incoming ginseng is sorted via a weight-estimating algorithm and a shape analysis algorithm into Grades 1, 2, and 3, respectively. In addition, the sorting results are displayed on an liquid crystal display (LCD) monitor and transmitted to the factory server through an intranet. The ginseng is transferred from point A to point B at a speed of 0.5 m/s and image analysis execution speed is approximately 0.1 s/sample. Further, the developed machine can sort two to three units per second. Figure 2 shows the actual developed system. The system comprises a control box for conveyor belt control, a display unit for checking the image processing results, and inlet and sorting conveyor belts. Figure 3a shows the ginseng inlet conveyor belt, which is configured in black for efficient image processing. The four sorting actuators that control the module and the location of the classification conveyor belt are as shown in Fig. 3b .
The controller of the automatic ginseng sorting machine
The main control box provides efficient control of the ginseng sorting machine. Figure 4 is a block diagram of the control system box, which consists of a power controller, two alternative current (AC) induction motor drivers for the conveyor belt, four pneumatic actuator controllers, a ginseng position sensor on the conveyor, and a light controller for the image-estimating camera. The five cameras are connected to a control server via universal serial bus (USB), as shown in Fig. 4 (1). On completion of image analysis, the classification information is sent to the factory server and displayed on an LCD unit. Figure 5 shows the control box for the complete ginseng sorting machine. All of the modules shown in Fig. 4 are located inside this control box. Figure 6a is a snapshot of the actual developed main control printed circuit board (PCB) and communicates with the server and receives the rating results to perform the cylinder control function. shows a light controller for controlling the illumination brightness of a LED array, and Fig. 6c shows an array of light emitting diodes (LEDs) installed in a dark room as a light source of a camera. Figure 7 illustrates the ginseng weight estimation procedure. First, the original 1920 × 1080 pixel color image (Fig. 7a ) is converted to a 256 level (8 bit) or zero (black) to 255 (white) gray level value based on the differences in light and shade to analogize the correlation of the image with the fresh ginseng weight (Fig. 7b) . Then, the gray image is filtered to extract the parameter most closely related to the weight information. The number of pixels ranging from zero to 255 is then counted in the converted gray image, and a histogram that shows the distribution developed. Next, the background region is eliminated from the fresh ginseng image and banalization performed to distinguish the body. Here, the binary image is subjected to partial bright lighting against the background to distinguish the fresh ginseng body part (Fig. 7c) . Subsequently, block filtering is performed to eliminate the minute lateral roots that have little influence on the weight of the fresh ginseng, and the remaining blocks are used to calculate the parameters (Fig. 7d) .
The ginseng weight estimating algorithm
In image processing, binarization refers to the changing of all pixels higher than a given threshold to white and pixels below that threshold to black. Various binarization methods exist, including global fixed thresholding, locally adaptive thresholding, and hysteresis thresholding. As a method for determining the threshold value, there is a typical Otsu method, a histogram locating method, Huang and Wang et al. [4] [5] [6] [7] [8] . In this study, we used global fixed binarization because we used images acquired in the same environment with limited illumination and camera position through the developed ginseng image acquisition device. Figure 8 shows the result of the binarization process according to the set threshold value. For the gray image (Fig. 8a) , the histogram of the brightness values of the pixels (Fig. 8b) shows that the binomial distribution is evenly distributed from zero to 255 and that the area between the ginseng and the background cannot be precisely divided. This is a difficult problem because, if the threshold is too low, as in Fig. 8c , the bright areas of the background are highlighted. Conversely, if it is too high, as shown in Fig. 8d , it will cause the black areas of the body to blend into the dark background, causing image loss. It is expected that it will be helpful to reduce errors by applying binarization method after detecting object using color of image [9] .
A block filter divides regions of the 1920 × 1080 pixel images into blocks of certain sizes. The blocks are white if the distribution of white pixels is higher than a particular threshold (%) and black if it is lower than the threshold. This filter is used to remove fine roots and show the body region that provides much of the weight. Figure 9 shows the observed results when the length × width dimensions of the block filter were increased to 20 × 20, 40 × 40, and 60 × 60 while the threshold was fixed at 60%. The body shape was shown while the fine roots were removed with the 20 × 20 blocks (Fig. 9a) , but losses occurred owing to the staircase phenomenon and resolution deterioration with increasing block size. Thus, it is important to set the proper block size and threshold.
Correlation analysis was also performed to investigate the relationship between the weight of the ginseng and the ginseng image pixel value. The correlation between the weight of the ginseng and the number of blocks remaining after the block filter was analyzed using linear regression analysis. Through this process, we examined the optimal binarization threshold and the size of the block filter with the highest correlation coefficient.
First, the binarization threshold was changed from 41 to 50, and the value of the correlation coefficient observed to determine the threshold value with the highest correlation coefficient. Next, the change in the correlation coefficient was observed while varying the block size from 11 to 20 pixels (the width and length were the same) and the threshold value from 86 to 95%, respectively. Using the correlation coefficient used in this experiment, the t distribution was tested on both sides with a significance level of 0.05 for the number of hosiery relations. The test for the number of parental relationships of pixel values and weights of ginseng images in the parent group indicated that there is a correlation between the two variables in the population and a strong positive correlation was found as the correlation coefficient was closer to one.
Fresh ginseng is not processed after harvest in the field, it contains about 70% of water and it is difficult to store for a long time, so it is recommended to treat ginseng for ginseng production within 1 week. Therefore, the samples applied to the weight estimation algorithm used the samples within 1 week after cultivation to minimize errors.
The ginseng shape analysis algorithm
Fresh ginseng specimens have unique appearances. However, the names of certain parts are different. Figure 10 classifies the five main parts of fresh ginseng. Figure 10a shows the fibrous root, which is attached to the body or head region and is not present in every Figure 10b shows the rhizome, which is present in every fresh ginseng at the head region. Figure 10c shows the body of fresh ginseng, which is called the taproot. This occupies most of the fresh ginseng and is the most important part when manufacturing red ginseng. Figure 10d shows the leg region, which is called the lateral root; each fresh ginseng has about one to five of these roots. Figure 10e shows the fine roots, which absorb the nutrients from the ground. Table 1 presents the classification criteria used for Grades 1, 2, and 3 ginseng provided by the Korea ginseng corporation (KGC) ginseng research Institute. Decision parameters such as the fresh ginseng weight, taproot length, ratio, and number of lateral roots were used, and the fact that experts with long careers classify specimens with rough judgment without accurate measurement tools was examined. In this study, (1) the height of the taproot, (2) width of the taproot, (3) height/width ratio of the taproot, and (4) width/height ratio of the taproot were selected as the grading parameters of fresh ginseng for pattern recognition training and test data.
Experiments and results
Weight-estimation results
Regarding the threshold in the banalization in the gray image, the block filter settings were fixed (block size: 10 × 10, threshold: 90%) and the correlation coefficient from the linear regression analysis was observed while changing the banalization threshold between 41 and 50. A threshold of 43 was determined to have the highest correlation (Table 1) . Subsequently, the length × width of the block filter and thresh-old in Tables 2  and 3 were fixed to the banalization threshold of 43. Based on increasing the block filter size from 11 × 11 to 20 × 20 pixels and increasing the threshold from 86 to 95% in the linear regression analysis, the highest settings for the correlation coefficient were set to 18 × 18 pixel block size and 90% threshold.
The correlation coefficient for the number of output pixels and fresh ginseng weight had a maximum value of 0.9162 when a block filter was applied with a banalization Figure 11 shows the relationship between the weight of the fresh ginseng and the results after applying the block filter. In the figure, the causes of singular values such as points a and b are analyzed:
1. When the number of pixels is relatively large compared to the weight of the ginseng (point a in Fig. 11 ), the ginseng has many fine roots and a dense distribution, which occupies a relatively large volume. 2. When the number of pixels is relatively small compared to the weight of the ginseng (point b in Fig. 11 ), then the body is dark because of soil or foreign matter in the ginseng, or the root or fine roots of the ginseng cover the body, it takes up a small volume. Figure 12 shows two examples of error occurrences. In the case where the fresh ginseng has many fine roots and their distribution is dense, as shown in the original image (Fig. 12a) and the filter image (Fig. 12b) , most of the fine roots of the fresh ginseng remain untouched and the number of output pixels is relatively large. In addition, as shown in the original image (Fig. 12c) and the filter image (Fig. 12d) , when the surface of the ginseng is covered with soil or foreign matter, it blends in with the background image and is consequently removed after filtering, resulting in only a relatively small number of pixels.
The result of shape analysis
We used a support vector machine (SVM) for shape pattern classification [10] [11] [12] . Figure 13 shows the grade classification method based on pattern recognition. The training data and test data for pattern recognition were designed such that they would not repeat. The correct match rate (%) of each grade, mean correct match rate, false rejection rate (FRR), and false acceptance rate (FAR) indices were used for performance evaluation. Table 2 presents the recognition rate and performance according to the amount of training data when each of the four parameters was used. The recognition rates were 94% for Grade 1, 98% for Grade 2, and 90% for Grade 3. A high recognition performance comprising 6.0% FRR and 5.4% FAR was obtained with four parameters and 10 training data points, as indicated in Table 2 . The average recognition rate decreases to 95, 93.3 and 92.2% as training data increases to 10, 15, and 20, respectively. However, the detection rates in the first and second grades are highest at 96.6 and 100%, respectively, when the training data is 20 samples. As the number of samples increases in the training data selection process, data that are difficult to express characteristics of grade 3 will be selected. 
Conclusions
In this study, an automatic 6-year-old ginseng grade classification machine was developed. The developed machine sends the 6-year-old ginseng classification results to a factory server that stores the daily classification results, monitors the current classification status, and effectively performs production management. The ginseng classification is performed using image processing on the basis of criteria such as estimated weight and analyzed shape pattern. The various grades according to the weight of the ginseng are as follows: Grade 3: 30-40 g; Grade 2: 40-75 g; and Grade 1: 75 g and above. In this paper, the proposed algorithm segmented image sector to estimate the weight of a ginseng and experiments have shown that this method is effective for weight estimation. This image segmentation method is used to recognize the postures and gestures of the hand and body for using computer based vision system [13, 14] . Following the weight-estimation procedure, the group of candidates determined as being in Grade 1 was again evaluated using shape analysis and each candidate assigned a grade between one and three. Evaluations conducted of the performance of the developed machine using 100 units of 6-year-old ginseng showed that it has a high recognition rate, with an accuracy of 94% for Grade 1, 98% for Grade 2, and 90% for Grade 3. We considered several applicable algorithms for ginseng classification, and compared the three algorithms SVM, MLP, and Inception-v3 image recognition model (created by Google) as shown Table 3 , which are suitable for classification, and adopted the SVM algorithm with the best performance among them. But SVM does not possible guarantee excellent recognition performance in general pattern recognition situations. Compared to the automatic classification time of imported ginseng, which is within 0.1 s/ sample, there is a limit of the time required to sort the classification by 2-3 pcs/s using pneumatic cylinder. Shortening the overall classification time is a challenge in the future. 
